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(54) DATA COMMUNICATION DEVICE AND DATA COMMUNICATION METHOD 



(57) Data communication apparatus based on type- 
2 hybrid ARQ method which can improve the quality of 
transmission data while avoiding the increase of power 
consumption. In the present data communication appa- 
ratus transmits identical information bit (S) several 
number of times, and, at this time, controls transmission 



power of transmission packet for every packet so that 
the total of transmission power of N times corresponding 
to N times transmitted identical information bit becomes 
constant, for example, the transmission power (b) of one 
packet of information bit at each transmission time be- 
comes 1/N of the transmission power (a) of one packet, 
that is, (b = a/N). 
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Description 

Technical Field 

[0001] The present invention relates to a data com- 
munication apparatus and data communication method. 

Background Art 

[0002] As an example of error control technology 
used in mobile communication system, there is a type- 
2 hybrid ARQ (Automatic Repeat reQuest) method, 
(hereinafter, it is referred to as M type-2 hybrid ARQ meth- 
od"). Such a type-2 hybrid ARQ method uses the turbo 
code and is referred to as an IR (Incremental Redun- 
dancy) method. 

[0003] In this method, turbo coding is performed in 
transmission apparatus as shown in FIG. 1 , among tur- 
bo encoded signals, an information bit (also called "sys- 
tematic bit") (S) is first transmitted, then an error detec- 
tion is carried out in the reception apparatus. When an 
error is detected, a NACK (Negative ACKnowlegement) 
signal is returned back to transmission apparatus from 
reception apparatus. In this case, transmission appara- 
tus transmits paritybit 1 (P1) (redundancy bit) of FEC 
(Forward Error Correction) for use in an error correction, 
and reception apparatus carries out turbo decoding us- 
ing information bit and parity bit 1 . Moreover, when an 
error was detected, in response to the NACK signal from 
reception apparatus, transmission apparatus transmits 
parity bit 2 (P2) of FEC for use in an identical error cor- . 
rection, and reception apparatus carries out turbo de- 
coding using information bit, parity bit 1 , and parity bit 
2. In addition, when there is no error, an ACK (ACKnowl- 
egement) signal is returned back and the next data is 
requested. 

[0004] However, the aforementioned method in- 
cludes the following problem. 

[0005] In turbo code, the quality of an information bit 
in the reception signal reflects a large influence in the 
quality of signal after decoding. In other words, in the 
case when the quality of information bit is bad (for in- 
stance, low SNR), it may be difficult to carry out good 
decoding even when the parity bit quality is high, hence, 
it may be also difficult to obtain a decoded signal with 
high quality. Therefore, in type-2 hybrid ARQ method, 
informationbit is first transmitted, and in the case when 
the first transmitted information bit is received with low 
SNR because the quality is deteriorated due to fading 
etc. as parity bit is transmitted in the case of retransmis- 
sion, the quality after combining of a large number of 
retransmitted parity bits may not be improved and a use- 
less retransmission may be continued. 
[0006] In view of the aforementioned problem, it is an 
object of the present invention to provide a data com- 
munication apparatus and data communication method 
based on type-2 hybrid ARQ method which can improve 
quality of transmission data while avoiding the increase 



of power consumption. 

[0007] As a method of transmitting a high speed pack- 
et with good efficiency, HSDPA (High Speed Down-link 
Packet Access) is proposed in 3GPP (3rd Generation 

5 Partnership Project). In such a method, the transmission 
rate is updated by changing channel codec, spreading 
factor, multiplexing (multiplex value), or modulation ac- 
cording to channel environment, and the average 
throughput is improved using such a method. 

10 [0008] When an adaptation modulation of HSDPA is 
carried out, it is necessary for transmission apparatus 
(radio base station) to transmit an MCS (Modulation and 
Coding Scheme) to reception apparatus (communica- 
tion terminal). MCS is information related to transmis- 

15 sion packet data such as the modulation method (QAM 
(Quadrature Amplitude Modulation), QPSK (Quadra- 
ture Phase Shift Keying), 8PSK (8 Phase Shift Keying)), 
etc., or the coding rate (R=1/2, 1/3), etc. Reception ap- 
paratus demodulates data of packet channel using such 

20 MCS information, and carries out a decoding process- 
ing. 

[0009] However, there is a problem that the capacity 
of downlink channel decreases since the transmission 
side (radio base station) transmits the MCS information. 
25 in addition, there is another problem related to transmis- 
sion of MCS information within a cell that is an increase 
of inter-cell interference is provided. 

Disclosure of Invention 

[0010] It is an object of the present invention to pro- 
vide a data communication apparatus and data commu- 
nication method based on type-2 hybrid ARQ method 
which can improve quality of a transmission data while 
avoiding increase of power consumption. 
[0011] According to one embodiment of the present 
invention, the data communication apparatus based on 
a hybrid automatic retransmission request method com- 
prises transmission section to transmit identical trans- 
mission data several number of times, and control sec- .. 
tion to control transmission power of transmission data 
so that a total transmission power of plurai transmission 
times of identical transmission data transmitted several 
number of times becomes constant. 
[0012] According to another embodiment of the 
present invention, the data communication method 
based on hybrid automatic retransmission request 
method includes plural times transmission of identical 
transmission, and controlling transmission power of 
transmission data so that the total transmission power 
of plural transmission times of the identical transmission 
data transmitted several number of times becomes con- 
stant. 
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Brief Description of Drawings 
[001 3J 

FIG. 1 is a diagram showing the procedures of a 
conventional type-2 hybrid ARQ method; 
FIG. 2 Is a block diagram showing a configuration 
of a transmission side of data communication ap- 
paratus according to Embodiment 1 of the present 
invention; 

FIG. 3 is a block diagram showing a configuration 
of a reception side of data communication appara- 
tus according to Embodiment 1 of the present in- 
vention; 

FIG. 4 is a diagram showing the procedures of type- 
2 hybrid ARQ method according to Embodiment 1 ; 
FIG. 5 is a block diagram showing a configuration 
of a transmission side of data communication ap- 
paratus according to Embodiment 2 of the present 
invention; 

FIG. 6 is a diagram showing the procedures of type- 
2 hybrid ARQ method according to Embodiment 2; 
FIG. 7 is a block diagram showing a configuration 
of a transmission side of data communication ap- 
paratus according to Embodiment 3 of the present 
invention; and 

FIG. 8 is a diagram showing the procedures of type- 
2 hybrid ARQ method according to Embodiment 1 . 

Best Mode for Carrying out the Invention 

[0014] Hereafter, embodiments of the present inven- 
tion will be specifically described with reference to the 
accompanying drawings. 

(Embodiment 1) 

[0015] FIG. 2 Is a block diagram showing a configu- 
ration of a transmission side (that is, transmitter) of a 
data communication apparatus according to Embodi- 
ment 1 of the present invention; 
[0016] Transmitter 1 00 shown in FIG. 2 which is used 
in data communication system based on type-2 hybrid 
ARQ method using turbo code (IR method) is provided 
with turbo coding section 101 , buffer 1 03, selector 105, 
spreading section 107, power control section 109, radio 
transmission section 111, transmit/receive multiplexing 
antenna 113, radio reception section 115, despreading 
section 117, NACK signal detection section 119, and 
transmission packet determining section 121. For in- 
stance, transmitter 100 can be built in base station ap- 
paratus of a mobile communication system. 
[0017] FIG. 3 is a block diagram showing a configu- 
ration of a reception side (i.e. receiver) corresponding 
to transmitter 1 00 shown in FIG.2. 
[0018] Receiver 200 shown in FIG. 3 has transmit/re- 
ceive multiplexing antenna 201 , radio reception section 
203, despreading section 205, selector 207, buffer 209, 



turbo decoding section 211 , error detection section 213, 
NACK signal generator 215, and radio transmission 
section 217. For instance, receiver 200 can be built in- 
mobile station apparatus of a mobile communication 
5 system. 

[001 9] Data communications system of an IR method 
according to the present embodiment is constructed us- 
ing transmitter 100 and receiver 200. 
[0020] Operations of data communication system 
10 constructed as described above will be explained below 
with reference to the general procedures shown in FIG. 
4. 

[0021] First, turbo coding of user data inputted to 
transmitter 100 is carried out by turbo coding section 

15 101. Since assuming the coding rate R=1/3 as an ex- 
ample, such turbo coding section 101 outputs 3 output 
signals corresponding to 1 inputted signal (user data), 
namely, information bit (S), parity bit1 (P1) (redundant 
bit) , and parity bit2 (P2) (redundant bit). In such a case, 

20 user data is just outputted as an information bit. The sig- 
. nals after turbo encoding (information bit, parity bit 1, 
parity bit 2) are outputted to buffer 1.03, respectively. 
[0022] In buffer 1 03, the signals after turbo encoding 
(information bit, parity bit1, parity bit2) outputted from 

25 turbo coding section 101 are each accumulated in a cor- 
responding buffer domain. 

[0023] The signals after turbo encoding (information 
bit, parity bit1, parity bit2) which were accumulated in 
buffer 103 are outputted to spreading section 107 as 
30 transmission packet after being selected by selector 
105. In addition, selector 105 is operated by transmis- 
sion packet determining section 121 . 
[0024] The procedures to select (determine) trans- 
mission packet, that is, the packet transmission proce- 
ss dures are given below. First, as shown in FIG. 4, packets 
of identical information bit (S) which is time shifted is 
transmitted several times (2 times in the example of FIG. 
4), in case of retransmission (when a NACK signal is 
detected), packet of parity bit1 (P1) is transmitted, in 
40 case of retransmission, further, (when NACK signal is 
detected), packet of parity bit2 (P2) is transmitted. Such 
a transmission procedure is determined based on the 
detection result of NACK signal detection section 1 1 9 in 
transmission packet determining section 121 . 
45 [0025] In spreading section 1 07, transmission packet 
selected by selector 105 is spread then outputted to 
power control section 109. 

[0026] In power control section 109, transmission 
power of a transmission packet after being spread is 

so controlled (updated) for every packet. Specifically, in the 
case when transmission packet, for example, is the in- 
formation bit (S) as shown in FIG. 4, the value b of the 
transmission power is updated to 1/2 of value a (cf . FIG. 
1 ) of transmission power of normal 1 packet (b=a/2). On 

55 the other hand, in the case when transmission packet is 
parity bit1 (P1 ) or parity bit2 (P2), the value of transmis- 
sion power is the value a of transmission power of nor- 
mal 1 packet. In other words, a packet of information bit 
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is transmitted with 1/2 of normal transmission power 
while packets of parity bit1 and parity bit2 are transmit- 
ted with normal transmission power Thus, the classifi- 
cation of a transmission packet is recognized based on 
information from transmission packet determining sec- 
tion 121. 

[0027] In the example of FIG. 4, moreover, a packet 
of similar Information bit is divided into twice, and then 
transmitted, but the transmission number of times is not 
limited to this. In such a case, if the number of transmis- 
sion times of similar information bit is set to N times, the 
value b of transmission power of 1 packet of information 
bit in every transmission is set to 1/N of value a of trans- 
mission power of normal 1 packet (b = a/N). 
[0028] The transmission power of a determined trans- 
mission packet after being spread is radio transmitted 
from antenna 113 after being subjected to a predeter- 
mined transmission processing such as up-con version, 
etc. in radio transmission section 111 . 
[0029] After this, receiver 200 receives the signal ra- 
dio transmitted form transmitter 100 by antenna 201. 
The signal received by antenna 201 is outputted to de- 
spreading section 205 after being subjected to a prede- 
termined reception processing such as down-conver- 
sion, etc. in radio reception section 203. 
[0030] The reception signal inputted from radio recep- 
tion section 203 is outputted to selector 207 after being 
despread in despreading section 205. 
[0031] In selector 207, the reception signal after being 
despread is accumulated in buffer 209 according to data 
classification. In other words, based on the data classi- 
fication information bit, parity bit 1 , and parity bit 2, the 
reception signal after being despread is accumulated in 
a corresponding buffer domain, 
[0032] The signal is subjected to turbo decoding at the 
reception time in turbo decoding section 211 . 
[0033] Specifically, based on the information bit which 
is received several times (N times), (more specifically, 
the information bit after diversity combining) turbo de- 
coding is executed at the reception time of information 
bit, when parity bit 1 is received, the turbo decoding is 
executed based on previously N times received infor- 
mation bit and presently received parity bit 1 , when par- 
ity bit 2 is received, turbo decoding is executed based 
on previously received N times information bit, previous- 
ly received parity bit 1 , and presently received parity bit 
2. The signal subjected to turbo decoding is extracted 
as a user data and outputted to error detection section 
213. 

[0034] An error detection is performed on the signal 
subjected to turbo decoding in error detection section 
213. As an example of error detection, is the one using 
CRC (Cyclic Redundancy Check) coding. The result of 
error detection is outputted to NACK signal generation 
section 215. 

[0035] A NACK signal is generated in NACK signal 
generation section 215, for instance, when an error was 
detected in the signal subj ected to turbo decoding, ad- 



ditionally, anACK signal is generated when an error was 
not detected in the signal subjected to turbo decoding. 
However, an ACK signal can be generated in dedicated 
ACK signal generation section. 

5 [0036] The generated NACK or ACK signal is radio 
transmitted from antenna 201 after being subjected to 
a predetermined transmission processing such as, up- 
conversion, etc. in radio transmission section 217. 
[0037] Then, transmitter 1 00 receives the NACK sig- 

10 nal or ACK signal radio transmitted from receiver 200 
by antenna 113. The NACK signal or ACK signal re- 
ceived by antenna 201 is outputted to despreading sec- 
tion 11 7 after being subjected to a predetermined recep- 
tion processing such as down-conversion, etc. in radio 

is reception section 115. 

[0038] The reception signal inputted from radio recep- 
tion section 115 is outputted to NACK signal detection 
section 1 1 9 after being despread in despreading section 
117. 

20 [0039] The reception signal after being despread is 
detected whether includes NACK signal or not in NACK 
signal detection section 119, The detection result (i.e. 
NACK signal or ACK signal) is outputted to transmission 
packet determining section 121 . 

25 [0040] The next transmission of packet is determined 
based on the detection result of NACK signal detection 
section 119 in transmission packet determining section 
121 . Specifically, the packet of an identical information 
bit (S) is time shifted at the time of starting operation or 

30 ACK signal detection in order to transmit several 
number of times (N times) when the NACK signal de- 
tected after the identical information bit which is trans- 
mitted N times, packet of parity bit 1 (P1) is transmitted 
and parity bit 1 is selected, in addition, when NACK sig- 

35 nal is detected in an identical information bit which was 
transmitted N number of times and after parity bit 1 was 
transmitted sequentially afterwards, a packet of parity 
bit 2 (P2) is transmitted and parity bit 2 is selected. In 
other words, the sequence of the packet transmission 

40 is information bit (Sj x N times -> parity bit 1 (P1) 
parity bit 2 (P2). A decision result of transmission packet 
determining section 121 is outputted, as described 
above, to selector 105 and power control section 109. 
[0041 ] Specific example of the aforementioned oper- 

45 ation is given next; a 2 times transmission of an identical 
information bit is explained as an example using FIG. 4. 
In such a case, first, transmitter 100 transmits a packet 
of an information bit (S) with normal transmission power 
1/2 (b=a/2) twice. In addition, the packet of parity bit 1 

50 (P1) is transmitted with normal transmission power one 
time when a NACK signal was returned from receiver 
200. The packet of parity bit 2 (P2) is transmitted when 
a NACK signal was further returned from receiver 200. 
Considering such a transmission procedures, the power 

55 employing in the transmission of information bit is similar 
to the conventional case and in orderto transmit an iden- 
tical information bit twice, the time diversity effect can 
be obtained by combining (diversity combining) of the 
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two times signal receivedby receiver, and it is possible 
to improve the SNR of information bit and increase the 
performance further than the conventional method. 
[0042] Thus, according to data communication sys- 
tem using the data communication apparatus of the 
present invention, identical information bit is transmitted 
several number of times (N times), and in this case, the 
total of transmission power of N times corresponding to 
N times transmitted identical information bit becomes 
fixed, for example, in order to change the transmission 
power of transmission packet of every packet (packet 
classification) so that the transmission power of a packet 
portion of information bit in each transmission time be- 
comes 1/N of transmission power of the normal packet, 
the transmission power employed in transmission of in- 
formation bit is similar to the conventional method case, 
in addition, by combining the N times transmitted infor- 
mation bit in the receiver side, It is possible to obtain the 
effect of time diversity, thus, it is possible to avoid in- . 
creasing of power consumption while improving the 
quality of an information bit. 

[0043] Moreover, considering the characteristics of 
the turbo code, while keeping the total power employed 
in transmission of packet information bit and packet par- 
ity bit constant as method of transmission power distri- 
bution, there is several methods of distribution of trans- 
mission power of packet of parity bit and packet of in- 
formation bit, performing the aforementioned sequential 
transmission is also acceptable. In such a case, it is pos- 
sible to improve the performance of turbo code and im- 
prove further the quality of the transmission data. 

(Embodiment 2) 

[0044] FIG. 5 is a block diagram showing a configu- 
ration of a transmission side (i.e. transmitter) of a data 
communication apparatus according to Embodiment 2 
of the present invention. Such a transmitter 1 00a is em- 
ployed by data communication system based on type-2 
hybrid ARQ method (IR method) used in turbo code, and 
has a similar basic configuration of transmitter 100 of 
Embodiment 1 shown in FIG. 2, and similar configura- 
tion elements are assigned the same reference numer- 
als and explanation thereof is omitted. 
[0045] Transmitter 1 00a of the present embodiment 
updates the transmission number of times (N) of similar 
information bit depending on the doppler frequency, and 
multiplexes the data of plurality of similar users (M), then 
the multiplexed data is transmitted simultaneously. It will 
be explained sequentially as follows. 
[0046] First, in the present embodiment, transmitter 
1 00a has dopplerfrequency detection section 1 23. Dop- 
pler frequency detection section 123 detects the doppler 
frequency of the reception signal which is inputted from 
radio reception section 115. The doppler frequency is 
the amount of shift (movement) of the frequency based 
on the doppler effect generated due to the occurrence 
of the relative movement between transmitter and re- 



ceiver. I n such a case, a low frequency shift occu rs when 
receiver 200 moving a way from transmitter 100a, and 
a high frequency shift occurs when receiver 200 moving 
closer to transmitter 100a. The detection result of dop- 
5 pier frequency detection section 1 23 is outputted to 
transmission packet determining section 121a. 
[0047] The transmission number of times (N) of the 
similar information bit is interchanged in transmission 
packet determining section 121a based on detection re- 
sult (doppler frequency) of dopplerfrequency detection 
section 123. Specifically, transmission number of times 
is decreased (the value of N is decreased) because in- 
creasing of time diversity effect of a possible low trans- 
mission speed is not necessary as frequency diversity 
effect is obtained easily when the doppler frequency is 
high. Since the time until transmission of information bit 
N times becomes short by decreasing the number of 
transmission times, there is possibility to shorten the 
time until finishing transmission of data. On the contrary, 
transmission number of times is increased (the value of 
N is increased) because increasing of time diversity ef- 
fect is necessary as frequency diversity effect is ob- 
tained hardly when the doppler frequency is low. Thus, 
it is possible effectively to acquire the diversity effect de- 
pending on relative movement situation between trans- 
mitter 100a and receiver, and while planning quality im- 
provement of transmission data, it is also possible to 
avoid the reduction of transmission speed by increasing 
the transmission number of times. 
[0048] In addition, in the present embodiment, trans- 
mitter 1 00a transmits simultaneously the data of a plu- 
rality of similar users (here two) after being multiplexed. 
Therefore, transmitter 100a has two turbo coding sec- 
tions 101a and 101b and two buffers 103a and 103b. 
Turbo coding sections 1 01 a, 1 01 b are of common cod- 
ing rate R = 1/3. The signal outputted from turbo coding 
section 101a after being turbo encoded (information bit, 
paritybit 1 , andparitybit2) is accumulated in buffer 103a, 
and the signal outputted from turbo coding section 1 01 b 
after being turbo encoded (information bit, parity bit 1, 
and parity bit 2) is accumulated in buffer 103b. The in- 
formation bit of the data of the two similar users accu- 
mulated inbuffer 103a and buffer 103b is outputted to 
spreading section 107 after being selected by selector 
1 05a and multiplexed. In addition, the consecutive data 
of the two identical users inputted from not shown signal 
distribution section distributed respectively between tur- 
bo coding section 101a and turbo coding section 101b. 
[0049] " Next, an exemplary operation of transmitter 
100a will be specifically explained using FIG. 6. Here, 
the case when the information bit of data of two identical 
users is multiplexed and simultaneously transmitted two 
times will be explained as an example. 
[0050] In such a case, when data 1 of identical users 
is transmitted, the next data 2 is transmitted simultane- 
ously, that is to say, the consecutive data 1 and data 2 
of the identical users are multiplexed and then transmit- 
ted simultaneously. Prior to multiplexing, the data 1 is 
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subjected to turbo coding in turbo coding section 101a, 
the information bit (S(1 )), parity bit 1 (P1 (1 )), and parity 
bit 2 (P2(1 )) after being turbo encoded are accumulated 
in the corresponding buffer 103a. Moreover, the data 2 
is subjected to turbo coding in turbo coding'section 
101b, the information bit (S(2)), parity bit 1 (P1 (2)), and 
parity bit 2 (P2(2)) after being turbo encoded are accu- 
mulated in the corresponding buffer 103b. 
[0051] Transmitter 1 00a, first, multiplexes information 
bit S(1 ) and S(2) of the data of two identical users and 
transmits the result two times simultaneously. At that 
time, the value b1 of the transmission power of one 
packet of information bit S(1 ) of data of the identical user 
in each transmission time is 1/2 of the normal value a of 
transmission power of one packet (b1 = a/2), in addition, 
similarly, the value b2 of the transmission power of one 
packet of information bit S(2) of data 2 of the identical 
user in each transmission time is 1/2 of the normal value 
a of transmission power of one packet (b2 = a/2). In oth- 
er words, the power employed in the transmission of an 
identical information bit is similar to the case of a con- 
ventional method (b1 x 2 = a), and the total of transmis- 
sion power of the information bit multiplexed in each 
transmission time is similar to the case of the conven- 
tional method (b1 + b2 = a). Thus, since the power em- 
ployed in transmission of information bit of the data of 
two identical users is similar to that of the conventional 
method as a whole, even in the case when the informa- 
tion bit of the data of the two identical users are multi- 
plexed and then transmitted simultaneously, it is possi- 
ble to avoid the increasing of power consumption, fur- 
ther, since it is also possible to obtain the time diversity 
effect of each of information bit of the data of the two 
identical users, the SNR of the information bit can be 
improved and the performance can be also enhanced 
further than the conventional method. 
[0052] Moreover, in the case when the identical infor- 
mation bit is transmitted N times, the multiplexed infor- 
mation bits of the number of data (M) of identical users 
is preferably less than or equal to N (M ^ N). As de- 
scribed above, in the case when identical information 
bits are tra nsmitted N times, 1 /N of a of the normal trans- 
mission power of a packet is set as (b = a/N) since the 
value b of the transmission power of one packet of each 
individual information bit in each transmission time, and 
the total of the transmission power of the multiplexed 
information bits in each individual transmission power is 
made less than the value a of transmission power of one 
packet of the conventional method as it is necessary to 
set the multiplexed data number of identical users less 
than N. 

[0053] Moreover, the parity bit of packet number (1) 
(P1(1), P2(1)), and the parity bit of packet number (2) 
(P1(2), P2(2)) are transmitted alternately as shown in 
FIG. 6 when a NACK signal was returned from receiver 
200. Thus, the timing of decoding of the data of two iden- 
tical users which is multiplexed and transmitted simul- 
taneously can be averaged, and it is possible to shorten 



the delay of the decoding process. 
[0054] Therefore, according to data communication 
system using the data communication apparatus of the 
present invention, the data transmission efficiency 
5 (throughput) can be improved as the information bits of 
data of a plurality of identical users are multiplexed and 
transmitted simultaneously at individual information bit 
transmission time. 

[0055] Moreover, as the numberof transmission times 
of identical information bit is updated according to dop- 
pler frequency, it is possible to efficiently acquire the di- 
versity effect depending on relative movement situation 
between transmitter 100a and receiver 200, and while 
planning quality improvement of transmission data, it is 
also possible to avoid the reduction of transmission 
speed by increasing the transmission number of times. 
[0056] Moreover, while keeping the total power em- 
ployed in transmission of packet information bit and 
packet parity bit constant as a method of transmission 
power distribution, there is several methods of distribu- 
tion of transmission power of packet of parity bit and 
packet of information bit, performing the aforemen- 
tioned sequential transmission is also acceptable, sim- 
ilar to the case of Embodiment 1 . 

(Embodiment 3) 

[0057] FIG. 7 is a block diagram showing a configu- 
ration of a transmission side (i.e. transmitter) of a data 
communication apparatus according to Embodiment 3 
of the present invention. Such a transmitter 1 00b is em- 
ployed by data communication system based on type-2 
hybrid ARQ method (IR method) used in turbo code, and 
has a similar basic configuration of transmitter 100 of 
Embodiment 1 shown in FIG. 2, and the same configu- 
ration elements are assigned the same reference nu- 
merals and explanation thereof will be omitted. 
[0058] The transmitter 100b of the present embodi- 
ment transmits simultaneously the data of a plurality of 
users (M) after being multiplexed. The difference to Em- 
bodiment 2 relating the multiplexing is that the data of 
an identical plural number of users are multiplexed in 
Embodiment 2, while the data of a plurality of users are 
multiplexed in the present embodiment. Therefore, sim- 
ilar to Embodiment 2, although there are two turbo cod- 
ing sections 101a and 101b and two buffers 103a and 
1 03b in the present embodiment, different user data are 
mutually inputted to the two turbo coding sections 1 01 a 
and 101b respectively. 

[0059] Next, the operation of transmitter 1 00b will be 
specifically explained using FIG. 8. Here, the case when 
the information bits of data of two users, user A and user 
B are multiplexed and simultaneously transmitted twice 
will be explained as an example. 
[0060] In such a case, when the data of user A is 
transmitted, the data of the other user B is transmitted 
simultaneously, that is to say, the data of the two users, 
user A and user B are multiplexed and then transmitted 
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simultaneously. Prior to multiplexing, the data of user A 
is subjected to turbo coding in turbo coding section 
1 01 a, the information bit (S(a)), parity bit 1 (P1 (a)) r and 
parity bit 2 (P2(a)) after being turbo encoded are accu- 
mulated in thecorrespondingbuffer 1 03a. Moreover, the 
data of user B is subjected to turbo coding in turbo cod- 
ing section 101b, the information bit (S (b)), parity bit 1 
(P1 (b)), andparitybit 2 (P2(b)) after being turbo encoded 
are accumulated in the corresponding buffer 103b. 
[0061] Transmitter 100b, first, multiplexes information 
bit S(a) of data of user A and information bit S(b) of data 
of user B and transmits the result twice simultaneously. 
In such a case, the value b1 of transmission power of 
one packet of information bit S(a) of data of user A in 
each transmission time is 1/2 of the normal value a of 
transmission power of one packet (b1 = a/2), in addition, 
similarly, the value b2 of the transmission power of one 
packet of information bit S(b) of data of user B in each 
transmission time is 1/2 of the normal value a of trans- 
mission power of one packet (b-2 = a/2). In other words, 
the power employed in the transmission of an identical 
information bit is similar to the case of a conventional 
method (b1 x2 = a) , and the total of transmission power 
of the information bit multiplexed in each transmission 
time is similar to the case of the conventional method 
(b1 + b2 = a). Thus, since the power employed in trans- 
mission of information bit of the data of the two users, 
user A and user B is similar to that of the conventional 
method as a whole, even in the case when the informa- 
tion bit of the data of the two users, user A and user B 
are multiplexed and then transmitted simultaneously, it 
is possible to avoid the increasing of power consump- 
tion, further, since it is also possible to obtain the time 
diversity effect of each of information bit of the data of 
the two users, user A and user B the SNR of the infor- 
mation bit can be improved and the performance can be 
also enhanced further than the conventional method. 
[0062] Moreover, in the case when the identical infor- 
mation bit is transmitted N times, the multiplexed infor- 
mation bits of the data number (M) of users is preferably 
less than or equal to N (M ^ N). As described above, in 
the case when identical information bits are transmitted 
N times, 1/N of a of the normal transmission power of 
one packet is set as (b = a/N) since the value b of the 
transmission power of one packet of each individual in- 
formation bit in each transmission time, and the total of 
the transmission power of the multiplexed information 
bits in each individual transmission is made less than 
the value a of transmission power of one packet of the 
conventional method as it is necessary to set the multi- 
plexed data of different users less than N. 
[0063] Moreover, the parity bit of packet number (1) 
(P1(1), P2(1)), and the parity bit of packet number (2) 
(P1(2), P2(2)) are transmitted alternately as shown in 
FIG. 6 when a NACK signal was returned from receiver 
200. Thus, the timing of decoding of the data of two us- 
ers, user A and user B which is multiplexed and trans- 
mitted simultaneously can be averaged, and it is possi- 



ble to shorten the delay of the decoding process. 
[0064] Therefore, according to data communication 
system using the data communication apparatus of the 
present invention, the data transmission efficiency 
s (throughput) can be improved as the information bits of 
data of a plurality of users are multiplexed and transmit- 
ted simultaneously at individual information bit transmis- 
sion time. 

[0065] Moreover, while keeping the total power em- 
ployed in transmission of packet information bit and 
packet parity bit constant as a method of transmission 
power distribution, there is several methods of distribu- 
tion of transmission power of packet of parity bit and 
packet of information bit, performing the aforemen- 
tioned sequential transmission is also acceptable simi- 
lar to the case of Embodiment 1 . 
[0066] Furthermore, in the aforementioned embodi- 
ment, although an error detection is executed after the 
information bit is transmitted several times (N times) and 
the parity bit is transmitted at the NACK signal reception 
time, it is possible to adopt a method, instead of this 
method, in which the error detection is executed every 
time the information bit is transmitted and the next infor- 
mation bit is transmitted at NACK signal reception time. 
In such a method, if the SNR is high, there is possibility 
of successfully receiving the information bit without an 
error using only packets having 1/N of normal packet 
power even when a plurality (N) of packets (information- 
bit) are not received. In this case, it is possible to mini- 
mize the time delay until finishing transmission of data. 
[0067] The data communication system having the 
aforementioned transmitters 100, 100a, and 1O0b and 
receiver 200 can be applied to downlink high speed 
packet transmission in the mobile communication sys- 
tem. 

[0068] As shown above and according to the present 
invention, as an identical transmission data is transmit- 
ted several number of times (for instance, N times), it is 
possibleto acquire the time diversity effect by combining 
a plurality (N times) of the reception signal in the receiv- 
er, the quality of transmission data also can be im- 
proved. Moreover, in order to control the transmission 
power of the transmission data so that the total trans- 
mission power of a plurality of times (N times) corre- 
sponding to identical transmission data transmitted sev- 
eral times (N times) is constant, for example, the trans- 
mission power associated with the identical transmis- 
sion data is set to a similar value of transmission power 
of conventional method, and the increasing of power 
consumption can be avoided. 

[0069] Moreover, according to the p'resent invention, 
the transmission power of one time is equivalent to that 
of identical transmission data transmitted several times 
(for instance, N times), and the total transmission power 
of a plurality of times (N times) corresponding to identi- 
cal transmission data transmitted several times (N 
times) is made equivalent to transmission power of each 
transmission data in a method which transmits identical 
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transmission data for 1 time (i.e. conventional method), 
that is to say, the transmission power of one time corre- 
sponding to identical transmission data becomes 1/N of 
the value of transmission power of transmission data of 
conventional method, in order to control the transmis- 
sion power of transmission data, the necessary power 
for transmission of transmission data is similar to the 
case of conventional method, and by combining the data 
transmitted several times (N times) in the receiver, it is 
possible to acquire the time diversity effect. In other 
words, it is possible to avoid increasing of power con- 
sumption and improving the quality of transmission da- 
ta. 

[0070] According to the present invention, further- 
more, the quality of information bit transmitted first, for 
example, in the type-2 hybrid ARQ method can be im- 
proved while avoiding the increase of power consump- 
tion. 

[0071] Still further, according to the present invention, 
the number of times of transmission of identical trans- 
mission data is interchanged according to doppler fre- 
quency, for example, when the doppler frequency is 
high, the number of transmission times becomes small 
since it is easy to obtain the frequency diversity effect, 
while when the doppler frequency is low, the number of 
transmission times becomes large since it is difficult to 
obtain the frequency diversity effect, thus, it is possible 
to acquire diversity effect efficiently according to the rel- 
ative movement situation between data communication 
apparatus, it is also possible to prevent the reduction of 
the high speed transmission by increasing the number 
of transmission times while improving the quality of 
transmission data. 

[0072] According to the present invention, further, the 
data transmission efficiency (throughput) can be im- 
proved as a plurality of transmission data of identical 
users are multiplexed and transmitted simultaneously at 
individual transmission time. 

[0073] Still further, accordingto the present invention, 
beside makingthetransmission power of identical trans- 
mission data, for instance, similar to the transmission 
power of the conventional method of each of a plurality 
of transmission data of identical user multiplexed and 
transmitted simultaneously, it is possible to make the 
value of the total transmission power at each transmis- 
sion time of transmission data of a plurality of identical 
user multiplexed and transmitted simultaneously, for ex- 
ample, similar to the value of transmission power of con- 
ventional method, thus, it is possible to make the trans- 
mission power of transmission data at only each individ- 
ual transmission time of identical transmission data sim- 
ilar to the case of conventional method, and the increase 
of power consumption can be avoided. 
[0074] Still further, according to the present invention, 
in order to transmit sequentially (alternately) redundant 
bits corresponding to transmission data .of a plurality of 
users in the case when the redundancy bits are trans- 
mitted, the timing of decoding of the transmission data 



of a plurality of identical users which is multiplexed and 
transmitted simultaneously can be averaged, and it is 
possible to shorten the delay of the decoding process. 
[0075] According to the present invention, further, the 
s data transmission efficiency (throughput) can be im- 
proved as transmission data of a plurality of users are 
multiplexed and transmitted simultaneously at individual 
transmission time. 

[0076] Still further, according to the present invention, 
10 beside making the transmission power of identical trans- 
mission data, for instance, similar to the transmission 
power of the conventional methodof each of transmis- 
sion data of aplurality of identical user multiplexed and 
transmitted simultaneously, it is possible to make the 
* s vaiue of the total transmission power at each transmis- 
sion time of transmission data of a plurality of users mul- 
tiplexed and transmitted simultaneously, for example, 
similarto the value of transmission power of convention- 
al method, it is possible to make the transmission power 
20 of transmission data at only each individual transmis- 
sion time of identical transmission data similar to the 
case of conventional method, and the increase of power 
consumption can be avoided. 

[0077] Still further, according to the present invention, 

25 jn order to transmit sequentially (alternately) redundant 
. bits corresponding to transmission data of a plurality of 
users in the case when the redundancy bits are trans- 
mitted again, the timing of decoding of the transmission 
data of a plurality of users which is multiplexed and 

30 transmitted simultaneously can be averaged, and it is 
possible to shorten the delay of the decoding process. 
[0078] Still further, according to the present invention, 
to distribute larger transmission power associated with 
transmission data than redundancy bit while keeping the 

35 total transmission power of transmission data and re- 
dundancy bits constant, for instance, when using turbo 
code, such a performance can be improved and the 
quality of transmission data can also be improved. 
[0079] The present application is based on the Japa- 

40 nese Patent Application No. 2001 -1 98401 filed on June 
29, 2001 , entire content of which is expressly incorpo- 
rated by reference herein. 

Industrial Applicability 

45 

[0080] The present invention can be applied in mobile 
communication system, specifically, mobile communi- 
cation system based on hybrid automatic repeat re- 
quest. 

50 

Claims 

1. A data communication apparatus bases on hybrid 
55 automatic repeat request, wherein said data com- 
munication apparatus comprising: 

transmission section to transmit identical trans- 
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mission data several times; and 
control section to control transmission power of 
transmission data so that the total transmission 
power of several transmission times corre- 
sponding to identical transmission data trans- 
mitted several times becomes constant. 

2. The data communication apparatus according to 
claim 1 , wherein said control section to'control the 
transmission power of transmission data so that the 
transmission power of one time transmission is 
made mutually equivalent to identical transmission 
data which is transmitted several times, and total 
transmission power of a plurality of times corre- 
sponding to identical transmission data transmitted 
several times is made equivalent to transmission 
power of each transmission data in a method which 
transmits the identical transmission data one time. 

3. The data communication apparatus according to 
claim 1 , wherein said transmission data is packet of 
information bit. 

4. The data communication apparatus according to 
claim 1 further comprising: 

detection section to detect doppler frequency; 
and 

switching section to switch the number of trans- 
mission times to transmit identical transmission 
data according to the detected dopplerf requen- 

cy. 

5. The data communication apparatus according to 
claim 1 , wherein said transmission section multi- 
plexes and transmits a plurality of transmission data 
of identical user at each transmission time when 
identical transmission data is transmitted several 
times. 

6. The data communication apparatus according to 
claim 5, wherein said control section to control the 
transmission power of transmission data so that the 
total transmission power of several transmission 
times corresponding to identical transmission data 
transmitted several times is constant for each of a 
plurality of transmission data of identical user mul- 
tiplexed and transmitted simultaneously, and so that 
the total transmission power of each transmission 
time in a plurality of transmission data of identical 
user multiplexed and transmitted simultaneously is 
constant. 

7. The data communication apparatus according to 
claim 5, wherein said transmission section trans- 
mits redundancy bits sequentially corresponding to 
plurality of transmission data of identical user in the 
case when the redundancy bits used for error cor- 



rection is transmitted as a retransmission after the 
plurality of transmission data of identical user is 
multiplexed and simultaneously transmitted several 
times. 

5 

8. The data communication apparatus according to 
claim 1, wherein said transmission section multi- 
plexes and transmits simultaneously the transmis- 
sion data of a plurality of users at each transmission 

10 time when identical transmission data is transmitted 
several times. 

9. The data communication apparatus according to 
claim 8, wherein said control section to control the 

15 transmission power of transmission data so that the 
total transmission power of several transmission 
times corresponding to identical transmission data 
transmitted several times is constant for each of a 
plurality of transmission data of a plurality of users 

20 multiplexed and transmitted simultaneously, and so 
that the total transmission power of each transmis- 
sion time of transmission data of a plurality of users 
multiplexed and transmitted simultaneously is con- 
stant. 

25 

10. The data communication apparatus according to 
claim 8, wherein said transmission section trans- 
mits redundancy bits sequentially corresponding to 
transmission data of a plurality of users in the case 

30 when the redundancy bits used for error correction 
is transmitted as a retransmission after the trans- 
mission data of a plurality of users are multiplexed 
and simultaneously transmitted several times. 

35 11. The data communication apparatus according to 
claim 3, further comprising distribution section to 
distribute larger transmission power to transmission 
data than redundancy bit used for error correction 
while keeping the total transmission power of trans- 

40 mission data and redundancy bit used for error cor- 
rection which is transmitted as a retransmission af- 
ter transmission of transmission data. 

12. A data communication method based on hybrid au- 
45 tomatic repeat request, wherein said data commu- 
nication method comprising: 

transmission step of transmitting identical 
transmission data several times; and 
so control step of controlling transmission power 

of transmission data so that the total transmis- 
sion power of several transmission times cor- 
responding to identical transmission data trans- 
mitted several times becomes constant. 

55 
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